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Introduction
Alfalfa (Medicago sativa L.), which is known as the "king of grass", is a legume forage. It is a well-adapted excellent quality grass, having high nutritional value and palatability. However, due to its high crude protein, low carbohydrate, and higher buffering capacity, it hardly meets the needs of lactic acid fermentation in the silage process, and this makes it difficult for the single alfalfa to succeed in silage (Yang et al., 2004; Li and Wan, 2005) .
Recent Researches confirmed that the use of mixed silage could help complement nutrients between silages, such as alfalfa and corn (whole-plant corn) (Sun et al., 2009; Wang et al., 2011) , alfalfa and wheat straw (Xue et al., 2008) , alfalfa and sorghum-sudan grass (Xue et al., 2013) , alfalfa and Italian Ryegrass (Wen et al., 2011) , alfalfa and tall fescue (Wei, 2011) , alfalfa and Bromus inermis (Zhu and Dong, 2009 ), alfalfa and Elymus dahuricus (Li and Ban, 2006) , alfalfa and Roegneria turczaninovii (Wang et al., 2011a) , alfalfa and bulrush (Zeng et al., 2011) , which had better fermentation effect and more balanced nutrition than alfalfa silage alone.
Naked oat (Avena nuda L.) is an annual herb oat grass. Because of its high yield, good quality and palatability, it is a recognized food, feed and grass (Guo and Ha, 2004) . In early flowering naked oat, hay has good quality, high yield and forage value, which is suitable for animal husbandry, especially for the development of dairy industry (Guo et al., 2013) . The nutrient value on mature stage of naked oats is better than corn (Zea mays), wheat (Triticum aestivum) and general straw. It is generally used for roughage in directly or silage. Naked oats had high sugar content, if they were mixed silage with alfalfa, which could be compensated for the low levels of dry matter, soluble carbohydrates and the characteristics of not suitable for silage. The fermentation substrate of silage were regulated effectively, the sufficient substrate were provided for lactic acid fermentation, the pH value of silage could be reduced speedily, the propagation and activity of harmful microbial were inhibited in the process of silage, the fermentation quality and stability of silage were guaranteed, the better quality and palatability of silage were modulated.
In this experiment, mixed silage was made of fresh and wilted of naked oats and alfalfa in different proportions, by measuring the levels of the chemical indicators in silage process, the discipline of these indicators and the suitable proportions of mixed silage were investigated, the theoretical parameters were provided for the promotion and application on production practices.
Materials and Methods
Materials: Alfalfa and naked oat (dam-You-III) were planted in Agricultural Institute of Zhangjiakou. When the alfalfa in early flowering and oat in filling stage, which were mowed at the same time on July 14, 2012, part of them were directly made silage and the other part of them by wilting in natural for 24 h and then were made the low moisture silage. Experimental design: Fresh and wilted of raw materials were respectively made silages, according to the proportion of 100% alfalfa, 100% naked oats, naked oats: alfalfa = 1:1, naked oats: alfalfa = 2:1 and naked oats: alfalfa =1: 2 were divided into five treatments, and each treatment had three replicates.
The alfalfa and naked oats were processed into the moderate length, then in accordance with the proportion of mixed silage, the materials were fully mixed and loaded into the polyethylene bags, each bag was 900 g, the silage was vacuumed and sealed by vacuum sealer and stored at room temperature for 60 d.
Sampling and Measure of Raw Materials
After drying the raw samples at 65°C for 48 h, the DM content was determined. Dried samples were crushed and passed 40 mesh sieve, the content of Ash was measured by a high temperature burning, the content of CP was measured by Kjeldahl nitrogen method, the content of WSC was measured by anthrone -sulfuric acid colorimetric method (Owens et al., 1999) , the contents of neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined by ANKOM A200i fiber analyzer and Fan fiber Law, and the content of hemicellulose (HC) should subtract the content of ADF from NDF's, namely HC = NDF-ADF (Zhang, 2007) .
Sensory Evaluation of Silages
Silages were unsealed, the scores were determined by the sensory evaluation criteria, silage color and smell indices each was 15 points, and texture indices were 10 points. Classification was as follows: excellent (40 to 31 points), good (30 to 21 points), general (20 to 11 points), low-grade (10 points or less).
Sampling and Determination of Silage
20 g silage and 180 mL ddH 2 O were put into the juicer, homogenized for 2 min, and filtered through four layers of gauze, silage crude extract was collected and filtered through double paper, standing for 0.5 h, and then the pH value was measured (Han et al., 2004) . The content of NH 3 -N/TN was determined by Phenol sodium hypochlorite colorimetry method (Broderick and Kang, 1980) . The analysis of the content of LA, acetic acid (AA), PA and BA of silage extracts was by SHI-MADZE-10A High Performance Liquid Chromatography; the analytical conditions were as follows: column: Shodex Rspak KC-811, a detector: SPD-M10Avp, mobile phase: 3 mmol/L perchloric acid, flow rate: 1 mL/min, 50°C column temperature, 210 nm detection wavelength, 5 µL of injection volume (Xu, 2005) . The remaining dried silage was used to measure the nutrients, as above 1.3.1.
Statistical Analysis
All data were treated by ANOVA and multiple comparisons of SPSS 17.0 software, and the interaction studies of wilted and mixing ratio were analyzed by using GLM procedure.
Results

The Chemical Composition of Raw Materials
After wilting, the content of DM of raw materials were significantly increased (Table 1) . Whether fresh or wilted treatments, the content of CP of naked oats was less than alfalfa and with the increase of alfalfa ratio of mixed silage, the content of CP was increased in gradually. The content of WSC and NDF of naked oats were higher than alfalfa's. The content of Ash of each treatment group had little difference. The content of ADF of fresh naked oats was higher than alfalfa, but there was no difference after wilting.
Sensory Evaluation of Silage
Based on the sensory evaluation criteria, all the treatments of silage were evaluated ( Table 2 ). The silage of fresh alfalfa were dark color, slight deterioration, more water, and the grade ratings were general; whether fresh or wilted naked oat silage, the scores were higher, and the grade was excellent. The grade of all fresh mixed silage was good; whether in color, smell or texture, the wilted silage were better than fresh silage, and the grade ratings were excellent.
Fermentation Quality of Silage
No matter fresh or wilted silage, pH value was increased with the increase of alfalfa in mixed silage (P<0.05; Table 3 ). Among them, pH value of fresh alfalfa silage was the highest. In addition to naked oats or alfalfa silage alone, the LA content of wilted silage was higher than that of fresh silage in mixed silages (P<0.05), and was elevated with the increase of naked oats content (P<0.05), the LA content of naked oats: alfalfa = 2:1 treatment which was treated by wilted was significantly higher than other groups (P<0.05).
Whether fresh or wilted of alfalfa silage alone, the contents of AA, PA, BA and NH 3 -N/TN were significantly higher than other groups (P<0.05). The content of AA, PA, BA and NH 3 -N/TN in wilted silage were lower than fresh silage (P<0.05), and decreased with the increase of naked oats (P<0.05). The interaction of wilted and mixed ratio showed that the interaction had significant effect on pH (P<0.05), content of LA (P<0.01), PA (P<0.05) and BA (P<0.01), and had no significant effect on the content of AA and NH 3 -N/TN (P>0.05). 
Nutrient Composition of Alfalfa and Naked Oats Silage
The content of DM in each wilted treatment silage was significantly higher than fresh (P<0.05). The contents of CP, WSC, HC, NDF and ADF had no significant difference (P>0.05) (Table 4 ). No matter fresh or wilted silage, the contents of DM, WSC, NDF and ADF in naked oats silage were significantly higher than alfalfa (P<0.05) and were elevated following the increase of naked oats in mixed silage. The CP content in silage of alfalfa was significantly higher than that of naked oat (P<0.05) and with the increase in ratio of alfalfa, CP content among the groups showed varying degrees of improvement. In addition to fresh silage of naked oat and naked oat: alfalfa = 1:2 were higher than other groups (P<0.05), the contents of HC and Ash in the silage had no significant difference among the other groups (P>0.05).
The effect of wilted treatment was significant on the content of DM, WSC (P<0.01), and Ash (P<0.05). It had no significant impact on the other nutrients (P>0.05). The effect of mixed ratio on the content of CP was significant (P<0.01), as the same as the content of WSC and NDF (P<0.05), and it had no significant effect on the other nutrients (P>0.05). The interaction of wilted and mixed ratio had no significant impact on all nutrient contents (P>0.05).
Discussion
The moisture content of silage material was the most important factor to affect microbial activity as temperature affects the fermentation quality of silage . The moisture content was too high in fresh and raw materials which were made of silage, so at the early stage of silage it wasn't conducive to the fermentation of lactic acid, and it promoted the harmful fermentation at its late stage, which increased the content of volatile fatty acids, the fermentation quality of silage became deterioration (Wang and Wang, 2003) . At the same time, the high moisture content would increase the nutrient loss with the juice effusion, and impact the nutritional value of silage . After the raw forage was wilted for hours, the moisture was rapidly declined and the content of WSC was relatively improved, the lactic acid fermentation was promoted and the pH value of silage was reduced, undesirable fermentation was suppressed, enzymes' activity and plant cells' respiratory were inhibited, so the fermentation quality could be improved, and more nutrients in silage could be retained (Masuko et al., 1999) .
The present researches of suitable moisture content were more in low moisture silage. The ideal moisture content of low moisture silage in alfalfa silage was mainly concentrated in 60%~68% (Nie and Yu, 1990; Guo et al., 2005a) , or the other was 40%~50% (Cui et al., 2005) . In this experiment, the moisture content of silage material in each group after wilted was 54.35%~61.80%, the sensory quality and fermentation quality of alfalfa and naked oats silage were significantly improved, which were in line with most research conclusions. After wilting, the content of LA in the silage was improved (P<0.05), the content of volatile acid included PA, AA, and BA, and the level of NH 3 -N/TN was decreased (P<0.05), thereby reduced the pH value of silage, this indicated that the main role of low moisture in the silage was to cause microbial physiological drought and inhibit the undesirable fermentation, and the inhibition of low moisture to yeast, fungi, etc. may be stronger than to the lactic acid bacteria, so low moisture made it easier to silage . The level of NH 3 -N/TN in wilted silage was significantly reduced, indicating that the decomposition of protein and amino acids was reduced, this was consistent with the experimental results reported by Zhuang et al. (2007; , Yu et al. (2009) . This meant that the wilted treatment could significantly improve the quality of alfalfa silage fermentation.
When the moisture content was too high, it not only had affect fermentation quality, but also increased nutrient loss along with the silage effusion. In the experiment, the DM content of wilted silage was significantly improved, the CP content was increased slightly, which indicated that the lower moisture content could decrease protein loss and relatively increase nutrient contents in silage process and that it could increase dry matter intake, improve the economic benefits of farmers (Guo et al., 2005b) . After wilting, the effects of the fiber components of cell wall in alfalfa and naked oats silage were not significant, such as the contents of NDF, ADF and HC, which was consistent with the experimental results, which were reported by other authors Liang et al., 2012; Li et al., 2012; Wu et al., 2012) .
Alfalfa was difficult to make silage alone due to its high CP content, buffering capacity value, moisture content, and low WSC level and few number of lactic acid bacteria was attached to the plant. Alfalfa silage alone was difficult to form a low pH state, it wasn't conducive to lactic acid bacteria fermentation in normal, so the activity of clostridium was exuberant, clostridium broke down protein and sugar, the large amounts of NH 3 -N/TN, BA, CO 2 and H 2 O were produced, it was difficult to form optimal fermentation condition, resulting in poor quality of silage (Li et al., 2012) . A part of grass family (such as Elymussi biricus, Oats), which was glad to be eaten by livestock, had low moisture, high sugar level and good palatability. In order to make better nutritional value of alfalfa in the period of the nutrient preserved, some scholars had reported mixed silage methods. For example, grass family and alfalfa silage in mixed, increased the level of WSC, and better met the growing needs of lactic acid bacteria, created the conditions for nutrient balance, and formed ingredients complement in each other. Such as, the wilted alfalfa and the Sorghum Hybrid Sudan grass were mixed silage, according to ration of the Sorghum Hybrid Sudan grass: alfalfa were 5:5, 6:4, 7:3 and 8:2 mixed, plastic bags after fermentation for 30 d, the fermentation quality and nutrition were analyzed. The results showed that the best mixed ration of the Sorghum Hybrid Sudan grass and alfalfa was 7:3, the acidity of mixed silage was the lowest, the pH value reached 4.43, the nutritional value of silage was improved significantly (Xue et al., 2013) .
In this study, mixed silage of alfalfa and naked oats is better than alfalfa silage alone from the sensory quality; with the increasing of the ratio of naked oat in silage, the fermentation quality of silage was increased, the pH value and the content of BA, PA, AA, and NH 3 -N/TN were decreased, the content of LA was increased. The fermentation quality of the treatment (naked oats: alfalfa = 2:1) was the best among all treatments. The production of NH 3 -N related to the degradation of protein in the process of silage fermentation, also affected by chemical composition in different kinds of forage grass (Kaiser et al., 2000; Wan et al., 2007) . The higher production of NH 3 -N in silage fermentation process was caused of higher protein content of alfalfa material, and which caused irritating smell. The experimental result showed that, with the increasing of the ratio of naked oat, the content of CP in silage material was decreased, the production of NH 3 -N was reduced and the fermentation quality was elevated in mixed silage.
The overall nutritional value of naked oats was lower than alfalfa due to the lower CP content and higher fiber. The experimental result indicated that, with the increasing of the ratio of alfalfa, the content of CP in mixed silage was increased, the content of NDF and ADF were reduced, which was consistent with numerous experimental results, which were reported by other authors (Li and Ban, 2006; Xue et al., 2008; Sun et al., 2009; Zhu and Dong, 2009; Wang et al., 2011a; Wen et al., 2011; Wei, 2011; Wang et al., 2011b; Zeng et al., 2011; Xue et al., 2013) . As well as, the content of NDF and ADF were the most effective indicators reflecting fibrous quality (Wang et al., 2011a,b) . ADF was negatively correlated with animal's digestion, with the decreasing of which, the digestion of forage grass was elevated and the feeding value was higher (Li, 2008) .
The result showed that under laboratory conditions, the nutritional value in mixed silage was better than in silage alone, the problems of alfalfa silage alone and the low nutritional value of naked oat were solved ideally. If naked oat and alfalfa were made mixed silage, which could preserve the nutrient in the largest and extend feed seasons of green; silage provided the guarantee for the uninterrupted supply of green fodder for the livestock industry. So the mixed silage between grass family and alfalfa made high quality silage production could draw lessons in production. When the artificial grass was established, the mixed seeding grass could be considered, and facilitated to mow and silage.
In this experiment, wilted and mixed silage between alfalfa and naked oats, both could significantly affect the fermentation quality of silage, could improve the nutritional value of silage, the interaction of both could significantly reduce volatile acid and ammonia nitrogen content in silage, this showed those two factors could significantly improve the quality of the silage fermentation.
Conclusion
Wilted and mixed silage have significant effect on improving the silage quality of alfalfa and naked oats. The silage quality was the best when naked oats: alfalfa = 2:1. The interaction between wilted treatment and mixed ratio had existed, which could significantly improve the fermentation quality, but it is not obvious to nutrient content.
